We describe the relative participation of the Brazilian meat market (beef, pork and chicken) in total agribusiness exports and in total country exports. An analysis of the world meat market is carried out from the point of view of the values of consumption, production, exports and imports. A DEA (data envelopment analysis) approach is then used to generate classifications of the importance of countries in the meat world market, and the insertion of Brazil into this market is viewed from these perspectives. A partial equilibrium model for the meat market is fitted to Brazilian data by a three-stage least squares procedure. The model is consistent with the data and is used for simulation purposes. In this context, we investigate the joint and separate effects of changes in the corn price and in the exchange rate on the market of endogenous variables, ceteris paribus.
Introduction
Researchers and institutions have been showing a growing interest in the use of prediction and of partial equilibrium models for agricultural commodities. Typical examples are provided by Contini et al. (2006) , Gazzola et al. (2006) , G. S. Souza et al. (2008) , Heisey, Wang and Fuglie (2011) , Organisation for Economic Co-operation and Development/Food and Agriculture Organization of the United Nations (2011), and Ministério da Agricultura, Pecuária e Abastecimento . The advantage of having a partial equilibrium model available relative to unstructured time series models is the possibility of using it to assess the effects of sector polices through simulation. Indeed, this is the general motivation behind computable equilibrium models, and is frequently carried out in the context of a plethora of applications in agriculture, going from outlook scenarios to risk management.
The problem with the use of computable equilibrium models is that they do not use current information on parameters, and as a result, it is our experience, the models are seldom supported by the data. Typically in such models important elasticities are computed elsewhere and freely used to specify equations. The Aglink/2006 outlook for the meat market, for example, is examined in detail in Gazzola et al. (2006) . They showed in their article that the elasticities estimated from regressions differ markedly from the ones used in the specification of the meat market models and, frequently, sign inversions occur, indicating probable specification errors.
Here, based on the Organisation for Economic Co-operation and Development (OECD)/Aglink dataset we propose a set of equations to explain the Brazilian meat market (beef, poultry and pork) that is consistent with the observations available. We estimate elasticities through three-stage least squares directly from models suggested by economic theory. The response functions are linear in natural logs, and therefore belong to the Cobb-Douglas family. We achieved a reasonable degree of agreement for all equations (consumption, supply and exports) for all products which are jointly estimated. Our statistical findings improve previous results obtained by G. S. Souza et al. (2008) . We consider a joint effect on the endogenous variables resulting from the increase in 10% in the price of corn and a reduction of 10% in the exchange rate to illustrate the use of our model in simulations. Effects of this type are of particularly importance for the meat sector, where a concern is frequently raised regarding the increase in input prices associated with the potential increase in corn prices due, for example, the increasing use of corn in ethanol production by the US. Another frequent complain has to do with the over valorization of the Brazilian real relative to the US dollar, generating unfair competition for Brazilian exports. This approach is also an improvement over G. S. Souza et al. (2008) .
Parallel to this domestic market analysis we develop and suggest an approach for the assessment of the relative importance of actors (countries) in the international meat trade. This assessment is of interest since it may be used to identify competitive actors and new trade possibilities for Brazil. The methodology proposed is based on ranks and on Data Envelopment Analysis models.
The results of the different approaches used here to analyze the meat market do not directly influence each other. They are useful, however, to provide understanding of the different aspects of this market (overall perception), to describe local characteristics and the international insertion of Brazil (indicating competitors and potential consumer markets), and to explain the domestic market in terms of equilibrium equations and possible impacts of exogenous variables.
The article proceeds as follows. In Section 2 we update the descriptive results of G. S. Souza et al. (2008) on the meat market. In Section 3 we discuss the world market of meat jointly and separately by type of meat, pinpointing the main actors in the market, highlighting in particular the Brazilian performance. In Section 4 we specify and estimate the partial equilibrium model for the Brazilian meat sector. Finally, in Section 5 we summarize the main findings of our statistical exercise. Table 1 updates the corresponding data showed in G. S. Souza et al. (2008) . The statistics are informative on the importance of the agribusinesses in total exports. It varies in the range 35% to 45% for the 22 years period investigated. Meat in recent years is responsible from 17.5% to near 20% of this market. In this context, one captures the economic importance Table 1 . Brazil: total exports (a), agribusinesses' total exports (b) and meat exports (c). of the meat market. The meat market is dominated by beef followed by poultry and pork. Tables 3, 4 , 5, and 6 show the proportional participation (quantum) of selected countries in the world production, consumption, imports and exports of meat for [2009] [2010] A joint (beef, pork, and poultry) view of the meat market for each of the dimensions of major interest (production, imports, and exports) is conveyed here with the consideration of linear programming. The approach we choose for a multivariate country classification is based on the Data Envelopment Analysis -DEA (COOPER; SEIFORD; ZHU, 2011).
Meat market -a domestic perspective

Meat market -an international perspective
An index of importance is constructed as follows. Firstly, ranks are computed for each type of meat within each dimension or category (production, imports or exports), generating a three dimensional output (beef, poultry, pork). The use of ranks is justified in univariate and multivariate analysis by the following properties: (a) provides a robust measure of variation, since the transformation is not affected by the presence of outliers; (b) it has nonparametric properties and therefore is not dependent on normality or any other distributional assumptions; (c) it is robust against hetroskedasticity. Relative variation measured using untransformed values, as it is commonly performed with the Tornqvist index for instance, will be well suited if the underlying technology is in the Translog family, but it is not generally robust (COELLI et al., 2005) . The three dimensional output is then considered in a performance DEA model with unit input, generating a performance measurement for each category of trade taking into account all three types of meat. These partial categories indexes define a new three dimensional output that is further analyzed via a unitary input DEA performance model. The final score of relative importance is the performance index generated in this latter model. Figure 1 summarizes this procedure. In all models the DMUs are the 56 countries and conglomerates used by the OECD-FAO Outlook (ORGANISATION..., 2007) . We notice that the use of DEA here is as a performance measure not as an efficiency generated by a production frontier. This model is equivalent to an additive multicriteria model where the alternatives assign weights to each criterion, here the output vector, ignoring the decision maker value judgment (GOMES et al., 2012) . These ideas are not strange in the DEA literature. Caporaletti, Dulá and Womer (1999) were the first to interpret the DEA performance with unit input as an evaluation score based on multiple attributes. Similar uses may be found in Thompson et al. (1986) The meat market ... behavioral model for Brazil. Production, v. 24, n. 3, p. 594-604, July/Sept. 2014 Souza, G. S. et al. is the association observed in Gomes, Souza and Gazzola (2009) between classifications derived from unitary input DEA models and principal components. Lovell and Pastor (1999) proved that a CCR model with a single constant input (or with a single constant output) coincides with the corresponding BCC model. For details on CCR and BCC models see, for instance, Cooper, Seiford and Zhu (2011) . Gomes et al. (2012) showed that the model presented in Caporaletti, Dulá and Womer (1999) is not the same shown in Lovell and Pastor (1999) . As discussed in Gomes et al. (2012) , the Caporaletti, Dulá and Womer (1999) envelopment model is not equivalent, but resembles the classic CCR envelopment model, and the variable returns to scale assumption does not make sense in this case.
Following some of the above ideas, Gomes, Souza and Gazzola (2009) report the US, China, Japan, Denmark, Canada and Brazil as the most outstanding in market importance. In the dimension of imports, or of businesses opportunities for producers, the main group is formed by Japan, Mexico, South Korea, Italy, Germany and England. Their analysis was based on Tornqvist indexes and the variation observed in the period 1995-2003, with the base period being 1995. Our analysis for 2010 is reported in Table 7 . The quartiles for the performance distributions are 0.6340 (Q1), 0.8254 (Median), and 0.9286 (Q3). The US, China, Japan, Denmark, Canada and Brazil are identified in the top quartile, but new actors are detected as Russia and Australia. The imports dimension includes in importance Russia, US, Saudi Arabia and Other South American and Caribbean countries. These classifications are important to identify clients (imports) and competitors (exports and production) of importance for the Brazilian meat agribusinesses.
A simultaneous equilibrium model for beef, poultry and pork
We now turn our attention to provide a technical answer to some questions lately raised in the meat market regarding the price of corn and the exchange rate (BR$/US$). These variables potentially affect production through their influence in input prices and the exports flows of the three types of meat. Our focus here is the domestic behavior of the economic agents in the meat market. The previous discussions on market statistics and analysis of DEA performances are not directly translated in what follows. The partial equilibrium models we now consider jointly for beef, poultry and pork obey some variation of the following simple structure. The basic model is a system with nine equations in blocks of three equations, one for each type of meat. It is given by where q c is the demand function, q p is the supply function, ex denotes exports, p is own price, p S is a price vector of substitutes, rpc is per capita income, pop is population, ν, u and t are covariates that may include dummies and lagged endogenous variables, p in is a vector or index of input prices, r is the interest rate (Brazilian -Selic), c is the exchange rate, imp are imports, ∆ is stock variation and the e i are non observable errors. All quantitative variables entering the regression are measured in natural logs. Not all variables show statistical significance. In these instances they are eliminated from the model specification when convenient. The actual models considered here refine G. S. Souza et al. (2008) . Relationships are assumed to be linear in natural logs so that the response functions belong to the Cobb-Douglas family. Prices of beef, poultry and pork are computed dividing the Organisation for Economic Co-operation and Development/Food and Agriculture Organization of the United Nations (2011) price (Atlantic price for beef and pork and US for poultry) by the US consumer price index. Prices are therefore measured in 2011 US dollars. Table 8 describes the main variables used in our models. The source information on annual data is available in the OECD outlook data base. We used the period 1995-2011 in our analysis. Table 9 shows three-stage least squares estimates (JOHNSTON; DINARDO, 1997) overall statistics for all markets. We see that regression R-square values are high, giving indication of a reasonable fit for all equations. The complete list of instruments is trend, price of corn, per capita income, exchange rate, interest rate, index of input prices, population, lag of exports for beef, poultry, and pork, lag of supplies for pork and poultry and lagged consumption of pork.
Estimation
Statistical estimates for the beef market are given in Table 10 . Since the own price elasticity was not significant for the export equation, the demand price elasticity can be read directly from the table. All coefficients show the right sign. It is interesting to note that the supply function for the beef market is more sensitive to the exchange rate and the interest rate than to prices. We kept the price variable, although only marginally significant, since its absence would destroy the dependence on price. The two exogenous variables affect differently the supply. The interest rate has a negative effect and the exchange rate a positive effect. Exports in the beef market are also more sensitive to the exchange rate than to price, which we did not find significance.
Estimates for the poultry market are given in Table 11 . The price demand elasticity for poultry has to be computed indirectly through the export equation. It is given by -0.2736, with a standard error of 0.1021. It is significantly different from zero and has the proper sign. Beef and pork are not significant as substitutes. The price of corn affects negatively the supply equation. Prices and the exchange rate act in the same direction for exports. An increase in the exchange rate appears to be good for the market, ceteris paribus. It is interesting to notice in the poultry market the non significance of the income component. The same occurs with the pork demand function. A relative increase in income, ceteris paribus, will increase only the beef consumption.
Estimates for the pork market are given in Table 12 . As in G. S. Souza et al. (2008) , the dummy variable explains a significant shift in the demand curve beginning in 2000. Price was kept in the demand function to maintain consistency with our approach in the beef supply function. It has the proper sign. Its absence does not affect the statistical results. The demand price elasticity has to be computed indirectly through the exports equation. It is -0.0809, with a standard error of 0.0585, marginally significant. The supply function for pork is highly sensitive to price, to the interest rate and to the price of corn. The last two variables have a negative effect.
A simulation exercise
We now use the results of section 4.1. to simulate the meat market model. We consider the joint effect of increasing corn price by 10% and decreasing the exchange rate by 10%. The joint and also the separate effects are of relevance, particularly in the context of the recent discussions put forward by the supply sector regarding the over value of the Brazilian real relative to the US dollar, and the potential use of corn in the production of ethanol, notably by the US, which would imply an increase in corn price, given the importance of this country for the market. We solved the model for market values of 2011 to access this effect, and exogenously added the modifications in the exchange rate and in the corn price, and recomputed the equilibrium values for the endogenous variables. Table 13 shows the results of our exercise. Separate exogenous variation in the price of corn will not affect the market variables that remain close to their actual values. Separate change in the exchange rate will affect negatively beef production, poultry exports and beef exports. The joint effect is more worrisome. It will affect negatively production in general, and beef and poultry exports.
Summary and conclusions
We studied the meat market in Brazil from a domestic and from an international perspective. We see that the agribusiness in Brazil is responsible for a sizable part of total Brazilian exports. Roughly, 38% in 2011. Approximately 18% of the agribusiness total exports come from meat, which is about 8% of total Brazilian exports. From the point of view of its insertion in the world meat market, Brazil is the leading country in the export of beef and poultry, and the fourth in pork.
By the means of a two-step DEA computation we defined an index of market importance for world countries taking into consideration total production, total imports and total exports of beef, pork, and poultry. In the first stage, three unitary input DEA models (production, imports and exports) were computed using as output a vector of ranks of dimension three (beef, poultry, pork). The performance scores were used in a second stage as outputs in a final unitary input DEA model under the CCR assumption. Empirically we observed similarities with principal components analysis without the drawback of potential of negative weights of the later.
According to the DEA approach here proposed, the US, China, Japan, Denmark Canada and Brazil are identified in the top quartile of the importance score and new actors are detected, relative to previous studies, as Russia and Australia. The imports dimension includes in importance Russia, US, Saudi Arabia and Other South American and Caribbean countries. The last two are new actors not listed in previous studies using DEA and the Tornqvist index. These classifications are important to identify clients (imports) and competitors (exports) of importance for the Brazilian meat agribusinesses. The main competitors in the market (90% quantile) are the European Union, the US, Australia, Canada and Thailand. Important countries in the first quartile include China, New Zeland, Argentina, Chile and Uruguay.
In order to assess the domestic meat markets, we fit jointly equations of demand, supply and export for the markets of beef, poultry and pork using simultaneous equilibrium models and three-stage least squares. The response functions belong to the Cobb-Douglas family. The high values of R-squares indicate agreement with actual data. The parameter estimates are used for simulation purposes to evaluate the effects of marginal changes in the exogenous variables on the endogenous variables. They all show the correct signs. The price of corn was added as a production variable in the supply functions for pork and poultry. In this context simulations were performed to investigate the separate and the joint effects of unwanted changes in the corn price, and in the exchange rate. We conclude that a change in the corn price will not affect equilibrium by much. A separate change in the exchange rate will affect exports for beef and poultry and beef production. This effect is enhanced in the joint simulation, where the pork market is also affected. Overall the effect is negative.
We see that an increase in the exchange rate (Brazilian real devaluation relative to the US dollar) may not be good for Brazilian producers, since it may affect negatively the market variables.
